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A technique and apparatus for reducing the complexity of 
optimizing the performance of a designed semiconductor 
circuit is disclosed. This technique of path compaction is used 
to reduce the time taken for optimization. The path compac 
tion tool is used in design optimization to reduce the opti 
mizer execution time. Compaction helps readability, usability 
and reduces synthesis and static timing analyzer (STA) runt 
ime. The aim of path compaction is to reduce the number of 
constraints the optimizer has to go through during the opti 
mization process. Path compaction has three dimensions. The 
?rst is to reduce number of “-through” elements in the con 
straint, thereby reducing the complexity of constraints devel 
oped The second is to combine the paths to reduce the number 
of constraints. The third is to combine the constraints to 
reduce the number of constraints to be checked and opti 
mized. Path compaction is used When generating timing 
exception using timing exception tools. 
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METHOD FOR COMPACTION OF TIMING 
EXCEPTION PATHS 

TECHNICAL FIELD 

The invention relates to design optimization, synthesis, and 
veri?cation of semiconductor circuits and more speci?cally 
to enabling a faster design optimization and synthesis, as Well 
as making the design readable and easily synthesizable. 

BACKGROUND OF THE INVENTION 

As integrated circuits (ICs) are produced With greater and 
greater levels of circuit density, e?icient methods for optimi 
zation of the designed circuits are needed. In any design, it is 
essential to optimize the testing of circuits, to meet the design 
criteria, as optimizing the circuits makes them compact and 
easily understandable and traceable. It also alloWs improved 
testing schemes that guarantee very high fault coverage While 
minimizing test costs. 

Typically, ICs are presently designed by using high level 
languages and synthesized to achieve the Resistor Transistor 
Logic (RTL) level implementation. In most cases, the design 
implementation includes a number of redundant or non-active 
paths (false paths) and multi clockpaths (MC Paths). All these 
constitute ‘do not care’ paths for the performance of the 
functional design. In a typical design, each path in the design 
is provided a constraint. During optimization, these paths are 
optimized individually based on the constraint associated to 
it. This is done prior to passing it to the design compiler to do 
the optimization and generate the net list. Since each path 
constraint has to be checked individually during optimiza 
tion, the time taken for optimization is dependant on the 
number of paths With associated constraints. A typical prior 
art design How 100 is shoWn in FIG. 1. The RTL design is 
provided typically to a design compiler 110 With the design 
criteria 101, to initially generate a set of constraints, optimize 
the path based on the constraints in the analyzer/optimizer 
111, and then, using the synthesizer 112, generate a gate level 
design. This is then used to generate a design net list and 
associated constraints 113. This net list and constraints 113 
are passed through functional test in the functional testing 
block 130, as Well as into a static timing analyzer (STA) 150 
to check if the design meets the design criteria. If not, a neW 
set of requirements is generated to achieve the design criteria 
based on the output of functional testing block 130 or STA 
150. The process of design compilation is repeated With con 
straint generation, folloWed by path optimization, and re 
compilation using the neW set of constraints. This is an itera 
tive process of optimization, regeneration of constraints, 
generating the net list and running timing analysis in the STA 
150 to verify the timing. The iterative process is run till the 
timing and other design criteria are met. Each time the syn 
thesizer 110 is run, it provides inputs Which are used to 
generate constraints and further attempts to optimize these 
paths. Hence, the number of paths and constraints play a large 
roll in the time taken for the optimization and synthesis of an 
IC. 

In vieW of the limitations of the prior art, it Will hence be 
advantageous to enable further reduction of the number of 
paths and constraints associated With a circuit at the RTL 
level, prior to using the design compiler, to reduce the time 
taken for optimization and make it more compact and read 
able. It Will be further advantageous to reduce complexity by 
optimization for improving the performance, testability and 
traceability of the circuits. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a prior art How of the RTL design How to produce 
the design net list. 

FIG. 2 is a modi?ed RTL design How having a compaction 
module in accordance With the principles of the disclosed 
invention 

FIG. 3 is a diagram shoWing input requirements and out 
puts for path compaction. 

FIG. 4 is a diagram for single fanout net removal. 
FIG. 5 is a diagram for multiple fanout net removal. 
FIG. 6 is a diagram Where multiple fanout cannot be 

removed. 
FIG. 7 is a diagram for removal of “-from” and “-to” list. 
FIG. 8 is a diagram for compaction “-from” list and “-to” 

list including all the bit of a bit vector. 
FIG. 9 is a diagram of constant net. 
FIG. 10 is a diagram of a re-convergent net. 
FIG. 11 is a diagram of a re-convergent net With side input 

of the path. 
FIG. 12 is a exemplary set of instructions according to an 

embodiment of the present invention. 
FIG. 13 is a design How in accordance With the principles 

of the disclosed invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A technique and apparatus for reducing the complexity of 
optimizing the performance of a designed semiconductor 
circuit is disclosed. This technique of path compaction is used 
to reduce the time taken for optimization. The path compac 
tion tool is used in design optimization to reduce the opti 
mizer execution time. Compaction helps readability, usability 
and reduces synthesis and static timing analyzer (STA) runt 
ime. The aim of path compaction is to reduce the number of 
constraints the optimizer has to go through during the opti 
mization process. Path compaction has tWo dimensions: the 
?rst is to reduce number of “-through” element in the con 
straint, thereby reducing the complexity of constraints devel 
oped, and the second is to combine the paths to reduce the 
number of constraints to be checked and optimized. Path 
compaction is used When conducting timing closure by tim 
ing exception tools. Such tools may include Timing Excep 
tions Veri?cation (TXV) or, When generating timing excep 
tion at RTL level, using Timing Exceptions Generation 
(TXG). 
A path is de?ned as a synchronous or clocked connection 

from a ‘from’ element to a synchronous ‘to’ element, via a 
number of ‘through’ elements that are typically asynchronous 
in nature. Each such path in a design is typically associated 
With constraints that are used to optimize the path to enable 
timing closure during timing analysis by the STA. Acting as 
Applicant’s oWn lexicographer, for the purpose of this appli 
cation, a “from element” is de?ned as the starting point of a 
timing exception constraints, a “to element” is de?ned as the 
ending point of a timing exception constraints, a “through 
element” is de?ned as a point de?ning the paths of a timing 
exception constraints, a “to list” is de?ned as a set of to 
elements, a “from list” is de?ned as a set of from elements, 
and a “through list” is de?ned as a set of through elements. 
A path compaction tool uses the path compaction tech 

nique, typically in a solver, as a means for reducing the 
unnecessary or redundant circuit paths and constraints set for 
these paths, that are identi?ed as false paths and multi-cycle 
paths. A false path can be de?ned as a path that does not 
impact the functionality of the design. A multi-cycle path can 
be de?ned as a path that has more than one clock to transit the 
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path. Such a design How 200 is shown in FIG. 2. Once a path 
is identi?ed as a false path, it is possible to reduce the through 
elements and the number of constraints associated With the 
path. It is also possible to combine multiple paths and have a 
single set of constraints for the paths. This reduction in paths, 
through elements and constraints, has to be done Without 
impacting the functional and timing constraints set by the 
design. The path to be compacted Will have to be a topological 
path for the compaction tool to operate on. The path compac 
tion technique can be applied to paths in circuits that meet a 
set of prede?ned conditions. The folloWing inputs Will be 
required to perform path compaction as further illustrated in 
FIG. 3: 

1. Constraint to compact, typically in a format that is used 
by the solver used for compacting, derived from the initial 
timing report of the synthesizer; 

2. Net-list in the format needed by the solver from the 
synthesiZer output; and, 

3. As the constraint to be optimiZed and path come from the 
synthesiZer and timing report, the path to compact is a com 
plete path With a single element in the “-from”, “-through” 
and “-to” lists. 

Path Compaction Success Criteria 
Path compaction is considered a success When certain suc 

cess criteria are met after the compaction operation. The 
folloWing are the typical path compaction success criteria: 

1. The compacted constraint ?le generated has correct con 
straints to enable compacting operation; 

2. The generated constraints associated With the false paths 
and the input constraints for the other paths are included as a 
part of the compacted constraints; 

3. The runtime increase, if any, to enable path compaction 
is not a large component of the total runtime of the tool; 
typically this should be less than 10% of the run time of the 
tool Without compaction; 

4. The compacted constraints generated should have less 
“through elements”, to provide the optimiZation of the circuit; 
and, 

5. The compacted constraint ?le generated has under pre 
ferred conditions, less constraints than the original con 
straints ?le generated With no compaction. 

Path Compaction 
Path compaction operates by identifying a single path With 

a start “from” and an end “to” synchronous elements and 
reducing the redundant “through” asynchronous elements 
based on a set of input constraints. 
A. Physical Path Compaction 

Several neW methods/algorithms, though not meant to be 
exhaustive, used to eliminate “-through” elements from the 
constraints are presented as examples of physical path com 
paction: 
1. Redundant “-through” Removal 
A redundant “-through” element is a net Which leave 

invariant the de?nition of the path in a constraint by removing 
it from its description. 
1.1. Single Fanout Net Removal 

All “-through” elements With only a single element in their 
fanout list can be removed from the constraint. Indeed, a 
constraint can be de?ned With only “-through” elements With 
multiple element in their fan out list. An example is given in 
FIG. 4. In particular, because only “-thINVi1/out” and “-th 
ORil/out”, Which correspond to “-th ANDil/ in 1” and “-th 
ORi2/in 2” in the constraint, are multiple fan-out nets, all 
other “-through” elements can be removed Without changing 
the constraint. 
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4 
1.2. Multiple Fanout Net Removal 
A “-through” element With multiple fan-out can be 

removed if there is only a single fan-out converging to the 
path before the next “-through” element. 

For instance, FIG. 5 illustrates an example Where a 
“-through” element With multiple fan-out can be removed. In 
this example, the driver INVfl/out has tWo fan-outs. HoW 
ever, only one of them reaches ORi2/in 2 and hence “-th 
ORi2/in 2”, or another “through” element from “-th ANDi 
1/in 1” to “-th INVi2/out”, cannot be removed. 

FIG. 6 illustrates another example Where the “-though” 
element, having a multiple fanout cannot be removed. In this 
example, the driver INVfl/out has tWo fan-outs. Both of 
them reach ORi2/in 2. Therefore removing ANDil/inl 
from the constraint Will change the constraint by adding a neW 
path going through ANDi3/out. 
2. “-from” and “-to” Removal and Compaction 

It is also possible to have compaction or reduction of the 
element in the “-from” and “-to” list. Having multiple ele 
ments in the “-from” an “-to” list is possible after completion 
of the design. 
2.1. Removal of “-from” and “-to” List 

If the “-from” list includes all the elements in the fan in of 
the ?rst “-through” element of the path, then the “-from” list 
can be removed. Similarly, if the “-to” list includes all the 
elements in the fan out of the last “-through” element of the 
path, then the “-to” list can be removed. 

In the example of FIG. 7, the “-from” list includes all the 
?ops in the fan in of the pin ORil/in 1 and the “-to” list 
includes all the ?ops in the fan out of the pin ORi2/out. 
Therefore, the “-from” and the “-to” list can be removed 
Without changing the path description of the constraint. 
2.2. “-from” and “-to ” List Compaction 

If the “-from” list and “-to” list includes all the bits of a bit 
vector, then they can be included using a regular expression. 

For instance, in the example of FIG. 8, the “-from” and 
“-to” list includes respectively the bits 0,1,2 of the bit vector 
A[0:2] and B[0:2]. Therefore, the “-from” and “-to” lists can 
be compacted respectively to A[*] and B[*]. 
B. Constraint Compaction 
Once the physical path compaction is done, further simpli 

?cation of the tests is accomplished by compacting the set of 
constraints that cover the paths. The folloWing are examples 
of the neW constraint compaction provided merely as 
examples and not by Way of limitation. For the purpose of 
simplicity, the folloWing discussion of constraint compaction 
assumes that the constraints to be compacted do not contain 
reconvergence. 
1. Constraint Inclusion (With “-through” List) 

If a constraint C1 has all its “-through” elements included 
in the “-through” list of constraint C2, then the constraint C1 
can be merged With constraint C2 by merging the “-from” list 
and “-to” list of both constraints and by keeping the 
“-through” list of constraint C2. 

For a non-limiting example, consider the folloWing con 
straints: 
set_false_path -from A1 -th A2 -th A3 -th A4 -to A5 (C1) 
set_false_path -from B1 -thA2 -th A3 -th A4 -th B2 -th B3 -to 
B4 (C2) 
The “-through” list of C1 is T1:{A2, A3, A4}, the 

“-through” list of C2 is T2:{A2, A3, A4, B2, B3}. As can be 
seen, T1 C T2. Therefore, C1 and C2 can be merged together 
into a single constraint C de?ned as folloW: 
set_false_path -from {A1, B1} -thA2 -thA3 -thA4 -th B2 -th 
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This algorithm does not guarantee that all constraints 
included in the constraints Will be merged. This is because the 
de?nition of a constraint is not canonical, i.e., the same con 
straint can be de?ned using different “-through” elements. 
2. Constraint Inclusion (Without “-through” List) 

If the constraint C1 and C2 are de?ned only by using 
“-from” and “-to” list, then C1 and C2 can be merged if all the 
element in the “-from” list of C1 are in the fan-in of all the 
element of the “-to” list of C2 and mutually. 

For a non-limiting example, consider the folloWing con 
straint: 
set_false_path -from A1 -to A2 (C1) 
set_false_path -from B1 -to B2 (C2) 

If {A1} C Fan-in(B2) and {B1} C Fan-in(A2), then the 
constraint C—1 and C2 can be mergal to obtain the single 
constraint C de?ned as folloWs: 

set_false_path -from {A1,B1} -to {A2,B2} (C) 
C. Advanced Path Compaction4Constraint ReWriting 

Constraint reWriting consists of creating a neW constraint. 
The original constraint is included in the neW one. This means 
that the paths of the original constraint are included into the 
ones of the neW constraints and that the neW constraints 
remain a correct false path. The goal of constraints reWriting 
is to increase the number of paths in the constraint in order to 
decrease the number of “-through” elements and the number 
of constraints. 

Constraint reWriting is a complicated problem as it requires 
?nding out the reason for any path to be false. NeW methods 
are available in order to ?nd the reason of the path to be false. 
These methods are used only under a special sWitch and the 
result may require functional and timing checks to be 
repeated. This may impact the runtime. Another switch is 
typically used in order to provide a keep or not keep capability 
for the neW constraint based on Whether the reWritten con 
straint is acceptable or not. 
1. Constant Net 

If a net is constant, then all the paths going through this net 
are false paths. In this case, the constraint can be reduced by 
only specifying this net. Then, all constraints having this net 
in their speci?cation can be merged into a single one. Note 
that the number of paths may be higher than in the original 
constraint ?le. 

In the example of FIG. 9, the netANDi3/ out is stuck at ‘0’. 
Therefore, all the constraints can be merged into the single 
constraint set_false_path -th ANDi3/out. 
2. Re-Convergent Net 
As many of the false paths are due to re-convergent nets, 

the method used consists of ?nding all the re-convergent nets 
in the path and considering all the paths going through those 
nets as false paths. If, on running the neW constraint, it is 
proved that the path are false, the neW constraint is kept 
otherWise rejected. 

This How is illustrated in the exemplary and non-limiting 
FIG. 10. The re-convergent net are ORil/out, ANDi3/out 
and ORi3/out. The neW constraint C2 is created to cover this 
path. Then, if the veri?cation concludes that the paths are 
valid false paths and hence the constraint C1 is replaced by the 
constraint C2. Note that the constraint C2 includes more paths 
than the constraint C1. 

The re-convergence of the side input of the path is not 
considered here. This type of checking Will de?nitively help 
to ?nd the reason for the path to be false but it is dif?cult to 
implement. For example, the ?rst implementation of the 
method is not able to replace the constraint C1 by the con 
straint C2 in the example of FIG. 11 because the net S1, Which 
re-converges into the net P2, is in the side input of the path and 
not in the path itself. 
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6 
D. Implementation 
An exemplary and non-limiting sequence of instruction is 

described in FIG. 12 and a block diagram is shoWn in FIG. 13. 
First, it is checked that the paths are false or not. Then, if path 
compaction is enabled (-txv_do_path_compaction), the com 
paction methods described in section A “physical path com 
paction” sub-section section l.0iredundant “through” 
removaliis enabled. This is folloWed by path compaction 
described in section A “physical path compaction” sub-sec 
tion section 2.0 “-from” and “-to” removal and compaction. If 
advanced path compaction is enabled (-txvido_advanced 
_path_compaction), during implementation, then, the 
advanced path compaction ?oWs illustrated in section C is 
also completed. 
Once path compaction has been completed, the resultant 

constraints are further processed to reduce the total number of 
constraints by constraint compaction as discussed in section 
B on constraint compaction. 
The typical compaction block diagram is shoWn in FIG. 13. 

The input to the blocks are the netlist and the constraints 
associated With the paths in the net list. The input is ?rst 
checked to identify and verify the false paths in block 1310. 
These paths are processed through the block 1320 Where 
redundant “through” units are compacted. This is folloWed by 
the “-from” and “to” removal and compaction in block 1320. 
Then the advanced compacting is done in block 1330. The 
constraints are compacted in the constraint block 1340. The 
compacted false paths are checked for larger than the alloWed 
“through” blocks and, if found, these are eliminated from 
speed testing using the STA. This is done in block 1360. The 
false paths that are compacted are tested and veri?ed for 
equivalence in the equivalence block 1370 and veri?cation of 
paths are ?nally veri?ed in block 1380 and passed on to the 
STA for timing check. 
As seen in the block diagram, all the paths Which have a 

number of “-through” element greater than the number ?xed 
by the user are removed from the list of timing exception. 
These paths are not generated for checking. Once the com 
paction process is done, the result is checked and veri?ed for 
equivalence of paths and use of false paths. The netlist With 
the compacted paths and constraints are sent to the STA. Such 
a path compaction enables the veri?cation tool to run faster 
and complete the veri?cation operation much faster than if all 
the individual paths have to be checked With individual con 
straints. 
The inventions disclosed hereinabove may be imple 

mented in various forms and embodied in a variety of systems 
that provide the bene?ts there from. In one embodiment of the 
disclosed invention the method is performed by Way of 
executing a plurality of instructions on an appropriate system, 
e.g., a computer system, the outcome of such execution 
results in the inventions disclosed above. There the invention 
may be embodied as a computer softWare product designed to 
cause the execution of the instructions embodied therein on a 
computer system, such that the methods disclosed are 
executed. Furthermore, the invention may be embodied in a 
standalone apparatus capable of providing the bene?ts of the 
disclosed methods, or as an apparatus that amongst others 
may be capable of executing these methods. 
What is claimed is: 
1. A method for generating a veri?ed circuit design, com 

prising: 
receiving a circuit design speci?cation and one or more 

criteria associated With said circuit design speci?cation; 
generating at least a design netlist and one or more con 

straints associated With said design netlist based on said 
received circuit design speci?cation and criteria; 
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wherein said constraints comprise one or more con 

straints identifying false paths in said design netlist; 
performing by a computing apparatus a functional analysis 

to determine if the generated design netlist and con 
straints meet the received circuit design speci?cation 
and criteria; 

if said generated design netlist and constraints meet the 
received circuit design speci?cation and criteria in the 
functional analysis, performing at least one of path com 
paction and constraint compaction on said generated 
design netlist and constraints, Wherein said path com 
paction comprises at least one of: if a plurality of paths in 
said design netlist each include a constant net, identify 
ing all paths through said constant net as false paths With 
a common constraint; and, if the design netlist includes 
re-convergent nets, identifying all paths through said 
re-convergent nets as false paths With a common con 

straint; 
performing by a computing apparatus a timing analysis on 

the compacted design netlist and constraints to deter 
mine if the compacted design netlist and constraints 
meet the received circuit design speci?cation and crite 
ria; and 

if said generated design netlist and constraints meet the 
received circuit design speci?cation and criteria in the 
timing analysis, performing a path optimiZation on said 
compacted design netlist to generate a veri?ed circuit 
design. 

2. A path compaction apparatus comprising: 
an input unit that receives at least a design netlist and one or 
more constraints associated With said design netlist; 
Wherein said constraints comprise one or more con 

straints identifying false paths in said design netlist; 
a compaction unit that performs at least one of path com 

paction and constraint compaction on the received 
design netlist and one or more constraints, Wherein said 
path compaction comprises at least one of: if a plurality 
of paths in said design netlist each include a constant net, 
identifying all paths through said constant net as false 
paths With a common constraint; and if the design netlist 
includes re-convergent nets, identifying all paths 
through said re-convergent nets as false paths With a 
common constraint; and 

an output unit that outputs the compacted netlist and com 
pacted constraints; 

Wherein said path compaction comprises at least one of 
removing at least one redundant through-element from 
one of said false paths and removing or compacting a list 
of a from-element or a to-element of at least one of said 
false paths. 

3. The path compaction apparatus of claim 2, Wherein said 
constraint compaction comprises combining a plurality of 
false paths to be identi?ed by one constraint. 

4. The path compaction apparatus of claim 3, Wherein said 
combining comprises merging a from-list or a to-list of a ?rst 
constraint With a from-list or a to-list of a second constraint, 
respectively, and keeping a through list of said ?rst constraint 
if a through list of said second constraint is a subset of the 
through list of said ?rst constraint. 

5. The path compaction apparatus of claim 3, Wherein said 
combining comprises merging a from-list and a to-list of a 
?rst constraint With a from-list and a to-list of a second con 
straint, respectively, if both said ?rst constraint and said sec 
ond constraint are de?ned With only a from-list and a to-list, 
all of the elements in the from-list of the ?rst constraint are in 
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8 
a fan-in list of all of the elements of the to-list of the second 
constraint, and all of the elements in the from-list of the 
second constraint are in a fan-in list of all of the elements of 
the to-list of the ?rst constraint. 

6. The path compaction apparatus of claim 2, Wherein said 
path compaction unit performs an extended path removal by 
identifying, With a constraint, a path as a false path of said 
design netlist if the path has more than a predetermined num 
ber of through-elements. 

7. A path compaction method comprising: 
receiving at least a design netlist and one or more con 

straints associated With said design netlist; Wherein said 
constraints comprise one or more constraints identifying 
false paths in said design netlist; 

performing by a computing apparatus at least one of path 
compaction and constraint compaction on the received 
design netlist and one or more constraints, Wherein said 
path compaction comprises at least one of: if a plurality 
of paths in said design netlist each include a constant net, 
identifying all paths through said constant net as false 
paths With a common constraint; and if the design netlist 
includes re-convergent nets, identifying all paths 
through said re-convergent nets as false paths With a 
common constraint; and 

outputting the compacted netlist and compacted con 
straints; 

Wherein said path compaction comprises at least one of: 
removing at least one redundant through-element from one 

of said false paths; and 
removing or compacting a list of a from-element or a 

to-element of at least one of said false paths. 
8. The path compaction method of claim 7, Wherein said 

constraint compaction comprises combining a plurality of 
false paths to be identi?ed by one constraint. 

9. The path compaction method of claim 8, Wherein said 
combining comprises merging a from-list or a to-list of a ?rst 
constraint With a from-list or a to-list of a second constraint, 
respectively, and keeping a through list of said ?rst constraint 
if a through list of said second constraint is a subset of the 
through list of said ?rst constraint. 

10. The path compaction method of claim 8, Wherein said 
combining comprises merging a from-list and a to-list of a 
?rst constraint With a from-list and a to-list of a second con 
straint, respectively, if both said ?rst constraint and said sec 
ond constraint are de?ned With only a from-list and a to-list, 
all of the elements in the from-list of the ?rst constraint are in 
a fan-in list of all of the elements of the to-list of the second 
constraint, and all of the elements in the from-list of the 
second constraint are in a fan-in list of all of the elements of 
the to-list of the ?rst constraint. 

11. The path compaction method of claim 7, Wherein said 
performing by a computing apparatus at least one of path 
compaction and constraint compaction on the received design 
netlist and one or more constraints comprises identifying, 
With a constraint, a path as a false path of said design netlist if 
the path has more than a predetermined number of through 
elements. 

12. A non-transitory tangible computer readable medium 
having stored thereon instruction to enable a computer 
executing said instructions to perform a path compaction 
method, said method comprising: 

receiving at least a design netlist and one or more con 
straints associated With said design netlist; Wherein said 
constraints comprise one or more constraints identifying 
false paths in said design netlist; 
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performing at least one of path compaction and constraint 
compaction on the received design netlist and one or 
more constraints, Wherein said path compaction com 
prises at least one of: if a plurality of paths in said design 
netlist each include a constant net, identifying all paths 
through said constant net as false paths With a common 
constraint; and if the design netlist includes re-conver 
gent nets, identifying all paths through said re-conver 
gent nets as false paths With a common constraint; and 

outputting the compacted netlist and compacted con 
straints; 

Wherein said path compaction comprises at least one of: 
removing at least one redundant through-element from one 

of said false paths; and 
removing or compacting a list of a from-element or a 

to-element of at least one of said false paths. 
13. The computer readable medium of claim 12, Wherein 

said constraint compaction comprises combining a plurality 
of false paths to be identi?ed by one constraint. 

14. The computer readable medium of claim 13, Wherein 
said combining comprises merging a from-list or a to-list of a 
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?rst constraint With a from-list or a to-list of a second con 
straint, respectively, and keeping a through list of said ?rst 
constraint if a through list of said second constraint is a subset 
of the through list of said ?rst constraint. 

15. The computer readable medium of claim 13, Wherein 
said combining comprises merging a from-list and a to-list of 
a ?rst constraint With a from-list and a to-list of a second 
constraint, respectively, if both said ?rst constraint and said 
second constraint are de?ned With only a from-list and a 
to-list, all of the elements in the from-list of the ?rst constraint 
are in a fan-in list of all of the elements of the to-list of the 
second constraint, and all of the elements in the from-list of 
the second constraint are in a fan-in list of all of the elements 
of the to-list of the ?rst constraint. 

16. The computer readable medium of claim 12, Wherein 
said performing by a computing apparatus at least one of path 
compaction and constraint compaction on the received design 
netlist and one or more constraints comprises identifying, 
With a constraint, a path as a false path of said design netlist if 
the path has more than a predetermined number of through 
elements. 


